in increasing the risk for essential hypertension in the railway workers, but more studies with larger samples are needed to confirm the finding. (J Occup Health 2013; 55: 349-358) 
Essential hypertension (EH) is a major condition or risk factor for cardiovascular diseases, which have contributed to a heavy disease burden worldwide. In addition to dietary factors like high salt intake and lifestyles, work environments were reported to have associations with hypertension 1) . Previous epidemiological data showed that stressful work environments, often expressed as a lack of balance between job demand and job control in modern society, were considered to have an impact on the development of hypertension not only in men 2−5) but also in women 6−8) . However, not all individuals with occupational stress develop hypertension. Gene susceptibility is considered to be the major explanation for the difference in cardiovascular response to stress 9, 10) . Among different candidate genes, the glucocorticoid receptor gene (GR, also known as NR3C1) has been proposed as an important gene involved in the dysregulation of hormone and lipid levels in the hypothalamic-pituitary-adrenal axis (HPA) 8, 11−13) . Chung et al. reported a significant association between the GR gene variant and blood pressure in European-Americans 13) . Another study among Indians showed that polymorphisms in this gene may modulate blood pressure, blood glucose and hormone levels, although they were not associated with obesity 12) . Interaction between environmental factors and gene polymorphisms is now generally accepted for disease development. For hypertension, a gene-job strain interaction influence on hypertension was reported previously 5, 9, 14, 15) . However, most of the studies were conducted in Western populations, and a very limited The aim of this study was to explore the interactions of occupational stress and glucocorticoid receptor gene (GR) polymorphisms on essential hypertension (EH) among Chinese railway workers. Methods: A case-control study was conducted with 196 EH cases and matched controls from male railway employees. Occupational stress was scaled by a validated Chinese version of the Occupational Stress Inventory. Information on risk factors for hypertension, including smoking, alcohol consumption, family hypertension history and body mass index, was collected by face to face interviews. Genotypes of GR BCL1 and G678S genes were determined with PCR-RFLP. Conditional logistic regression was applied to examine the interactions of occupational stress and GR gene polymorphisms with adjustment for potential confounders. Results: A positive relationship was observed in the CG/GG genotype compared with the CC genotype in the GRBCL1 gene. The interaction between the GRBCL1 gene and occupational stress was statistically significant on EH. The odds ratio (OR) was 1.56 (95% CI: 0.93, 2.63) when comparing the CG/GG genotype of the GRBCL1 gene with low/medium personal strain with the CC genotype with low/medium strain, whereas the OR was 3. 16) . Epidemiological data from the railway industry showed that there was a high prevalence of cardiovascular diseases including hypertension in railway workers, particularly in engine drivers 17, 18) . We have previously reported an association between the high incidence of hypertension in railway workers and exposure to long-term occupational stress and personal strain 19) . In this study, we further examined GR gene polymorphisms and their interactions with occupational stress on essential hypertension in those railway workers.
Subjects and Methods
Participants were essential hypertension cases and controls who were recruited from two major railway stations in China. We defined EH cases as individuals with a systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg with no obvious underlying medical conditions 20) . Among a total of 795 male railway workers, 196 eligible essential hypertension cases were identified, including uncontrolled hypertension patients and those high blood pressure without medication. Of those cases, there were 81 engine drivers (41.3%), 50 railway policemen (25.5%) and 65 service crews (33.2%). We applied a 1:1 matching case-control design to select controls. Controls were selected based on the medical records showing no history of hypertension and related cardiovascular diseases in the same population. They were matched to cases by age (± 5 years) and job title in the railway stations. There were potentially many eligible controls with the same job title that could match to one case; we further randomly selected one eligible control in the job title using job coding numbers. Written informed consent was obtained from each participant after introducing the study aim, contents, data confidentiality and possible consequences of blood drawing. This study was approved by the ethics committee of Fujian Medical University.
Information on demographic characteristics and potential risk factors for hypertension was collected with a constructed questionnaire by face to face interviews. In addition to basic characteristics such as age, work years, marital status and education, details of smoking habits, alcohol consumption, uses table salt, family history of hypertension and physical activity demands during work, leisure time physical activities were also included in the questionnaire. Weight (kg) and height (m) were measured with light indoor clothing and without shoes. BMI was calculated as kg/m 2 . Blood pressure (mmHg) was measured twice after 15 minutes rest using a sphygmomanometer with an appropriate cuff width and a mercury manometer by trained nurses, and the mean value was recorded.
With informed consent, blood samples were collected for DNA extraction, and blood glucose, cholesterol, triglyceride and lipoprotein level were determined in all eligible subjects.
A validated version of the revised Occupational Stress Inventory (OSI-R) was applied to evaluate occupational stress in subjects 21) . The OSI-R consists of three scales that were developed to assess work role stressors, the impact of those stressors, and the personal resources available to cope 21) . These scales were evaluated respectively by the Occupational Roles Questionnaire (ORQ), Personal Strain Questionnaire (PSQ), and Personal Resources Questionnaire (PRQ). The ORQ measures work-related stresses including Role Overload (RO), Role Insufficiency (RI), Role Ambiguity (RA), Role Boundary (RB), Responsibility (R), and Physical Environment (PE). The PSQ measures the affective strains in four major categories: Vocational Strain (VS), Psychological Strain (PSY), Interpersonal Strain (IS), and Physical Strain (PHS). The PRQ assesses coping resources that comprise four scales: Recreation (RE), Self-Care (SC), Social Support (SS) and Rational/Cognitive Coping (RC). They can be scored independently or scored together. Each scale includes 10 subscales, each of which has 10 items on a 5-point Likert scale ranging from 1 (rarely or never) to 5 (most of time). For the ORQ and PSQ scales, higher scores are associated with higher levels of occupational stress. In this study, we scored the ORQ and PSQ together as a total occupational stress score and did not include the PRQ score in the analysis because no relationships were found between PRQ and hypertension in our pilot study. In addition, the reliabilities of the ORQ and PSQ were examined by using Cronbach's alphas, which were 0.899 and 0.858 respectively, in our pilot study among Chinese railway workers.
GR BcL1 and GR G678S genotype analysis
DNA was extracted from the lymphocytes of buffy coat samples using a DNAzol method 22) . The two locus polymorphisms (rs41423247 at GR BCL1 and rs258751 at GR G678S) were determined by using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method 23) . Briefly, the primers 5'-AGAGCCCTATTCTTCAAACTG-3' (forward) and 5'-GAGAAATTCACCCCTACCAAC-3' (reverse) were used for GR BcL1 polymorphism detection. The PCR conditions were an initial denaturation at 94°C for 5 minutes and 32 cycles at 94°C for denaturation, 62°C for annealing and 72°C for extension, each step lasted 35 seconds, with a final extension for 10 minutes at 72°C. Amplification yielded a 418-bp fragment that contained one BcL1 restriction site (267 + 151 bp) for the C allele and 418 bp for the G allele. GR G678S was also examined by the RFLP technique following PCR amplification with primers 5'-CACAGTGAGACCCTATCTATC-3' (forward) and 5'-AAACATACTTTGTCCCAGAG-3' (reverse). The PCR conditions were an initial denaturation at 94°C for 5 minutes and 35 cycles at 94°C for denaturation, 48°C for annealing and 72°C for extension, each step lasted 45 seconds, with a final extension for 10 minutes at 72°C. Amplification yielded a 418-bp fragment that contained one Fok I restriction sites (204 + 99 bp) for the C allele and 303 bp for the T allele. Following enzymatic digestion, PCR products were resolved on 2% agarose gel electrophoresis and visualized by ethidium bromide staining. All genotypes were read by two independent investigators who were blinded to the case-control status.
Statistical analysis
Odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated for risk of hypertension among railway workers using conditional logistic regression (using the Cox regression model in SPSS) adjusted for age, smoking, alcohol consumption, parental hypertension, blood glucose, metabolism of lipids, and BMI. Age was categorized into 3 subgroups, i.e. <45, 45−49.9 years and ≥50 years; BMI was classified into ≤23.9, 24.0−29.9 and ≥30 subgroups, which were included in models with dummy variables. We defined fasting blood glucose more than 6.1 mmol/l as high blood glucose according to WHO criteria (1999). Abnormal metabolism of lipids was defined as total blood cholesterol in serum (TC) ≥6.2 mmol/l, low density lipoprotein (LDL) ≥4.1 mmol/l, high density lipoprotein (HDL) <1.0 mmol/l, or blood triglyceride (TG) ≥2.3 mmol/l. Parental hypertension was defined as the father and/or mother having been diagnosed with hypertension. Occupational stress was calculated as the sum of the occupational role score and personal strain score. Occupational role, personal strain and occupational stress scores were categorized into three levels, respectively, namely, low, medium and high levels based on tertiles of scores in all subjects. Current smokers were individuals who had smoked at least one cigarette per day for six months or longer or those who met those criteria but had quitted smoking for less than 2 years previously. We defined current alcohol drinkers as individuals who had drunk at least once a week for six months or longer or those who met those criteria but had quitted drinking for less than 6 months previously. A Hardy-Weinberg equilibrium was assessed by Chi-square tests according to the method provided by Santiago and his colleagues 24) . All p-values were calculated using two-tailed statistical tests, and the significance was set at p<0.05. Interactions were assessed using the likelihood ratio test to estimate p-values. In each test for interaction, models that included the interaction term were compared with those that did not. Data analysis was conducted with the Statistical Package for the Social Sciences V18.0 for Windows software.
Results
Data on potential risk factors for hypertension and demographic features are presented in Table 1 . Cases had a higher proportion of family history of hypertension (one or both parents had hypertension) than controls (69.4% vs. 47.9%). The BMI, blood glucose and blood cholesterol in cases were significantly higher than in controls. The average age was 44 years for both groups. Controls seemed more likely to be alcohol drinkers than cases (66.8% vs. 56.6%). Neither other social demographic characteristics nor lifestyle habits were found to be significantly different between the two groups. Table 2 shows the estimated risk of hypertension related to occupational role, personal strain and occupational stress among railway workers. Cases were more likely than controls to be categorized into the high level of occupational stress (38.8% vs. 27.6%). Compared with the low level, significant elevation of risk for hypertension was observed for the high level of occupation stress (OR=1.66, 95% CI: 1.02−2.71). The significant association persisted while all other confounders were adjusted (OR=1.74, 95% CI; 1.00−3.05). No significant relationship was found for occupational role and personal strain.
The distribution of genotypes did not deviate from the Hardy-Weinberg equilibrium in cases and controls. Table 3 summarizes the frequency of different genotypes and the estimated risk of hypertension. A significantly positive relationship between GR BCL1 gene polymorphisms and hypertension was observed. Relative to the CC genotype, carriers of the CG and GG genotypes had a significantly higher risk of hypertension (OR=1.54, 2.19 respectively). This relationship did not reach statistical significance after potential risk factors were considered. With the combination of genotype CG and GG, carries of either CG or GG were more likely to have hypertension (adjusted OR=1.66, 95% 1.05−2.61). There was no significant association between GR G678S gene polymorphism and hypertension.
Significant interactions were found between GR BCL1 gene polymorphisms and occupational stress. The interactions were still significant (p=0.040) when all potential risk factors were adjusted (Table 4) . Comparing carriers of CG/GG with a low/medium level of occupational stress to carriers of CC with low/medium stress, the OR was 1.32 (95% CI: 0.76−2.30), whereas the OR was 3.58 (95% CI: We did not find any statistically significant interaction between GR G678S gene polymorphisms and occupational role, personal strain and occupational stress when other potential confounders were adjusted (Table 5 ). Those potential risk factors had similar effects on hypertension.
Discussion
We examined the effects of occupational stress and GR gene polymorphisms and their interactions on essential hypertension among Chinese male railway workers. Interactions between exposure to occupational stress and GR BCL1 gene polymorphism on essential hypertension were observed among railway workers. The results showed that a genotype of CG/ GG in the GR BCL1 gene possibly interacted with occupational stress, in particular personal strain, and increased the risk for essential hypertension.
It was reported that railway workers, especially engine drivers, had high occupational stress and thus resulted in a high prevalence of hypertension and cardiovascular diseases 17) . Our results were in line with other studies showing occupational stress was significantly associated with hypertension, although occupational role and personal strain on their own were not. Meanwhile, we found that the CG and GG genotypes in the GR gene significantly increased the risk of EH when compared with the CC genotype.
The risk was much higher among subjects who had high occupational stress and were carriers of CG or GG. The risk was nearly three times as high as that in subjects carrying the CC allele, whereas in the low job stress group, no statistically significant difference in the risk of EH was found. These results indicated that the GG or CG genotype could increase the susceptibility to the effect of occupational stress on hypertension.
A mutation from C to G at GR gene exon 2 caused aspartic acid to become serine. The phosphorylation of serine residues can enhance the transcriptional activation of GR responsive genes, increasing the sensitivity of peripheral tissue to CG expression. This polymorphism inhibits the endothelial cells from producing prostaglandins and nitric oxide vasodilator. At the same time, it increases the factors for vasoconstriction, enhances the vasoconstrictor response to smooth muscle and finally induces hypertension 25) . An experimental study 26) showed an association of BCL1 polymorphisms with an increase in glucocorticoid sensitivity, which may be related to abdominal obesity, hypertension, elevated plasma cortisol and other cardiovascular risk factors. Watt's data showed that the GR BCL1 polymorphism was associated with elevated blood pressure, which is consistent with our study, suggesting that GR BCL1 is one of the genes for EH susceptibility 27) . Continual exposure to occupational stress activated the hypothalamus-pituitary-adrenal axis (HPA axis) and increased CG expression, which further influenced blood pressure with the joint effect of the glucocorticoid receptor 28) . In addition, the C>G polymorphism in the GR gene might have increased glucocorticoid sensitivity and caused higher cortisol levels, which resulted in the excessive retention of Na + and water, leading to hypertension. Moreover, the combined impact of CG and the glucocorticoid receptor on endothelial cells and vascular smooth muscle cells We did not find any significant association between the GR G678S gene polymorphism and EH, although the C>T mutation in the locus decreased the risk of EH. Similar reports about this gene polymorphism in the G678S locus suggested that it was related to GC sensitivity, which might have caused the depletion of GR function and reduced the combined ability of GC and GR, interrupting the transportation of the GC message, resulting in decreasing blood vessel reactivity. However, other studies showed that the polymorphism of this gene in G678S was related to blood glucose, insulin excretion and lipoprotein metabolism, which are considered risk factors of hypertension 29) . Therefore, further studies on polymorphisms of this gene associated with hypertension are needed to explore more locus mutations that are associated with hypertension. A significant modification effect of GR gene polymorphisms and occupational role on EH was also not observed in the present study. A possible reason might be that occupational role alone is too narrow a perspective for an understanding of the gene-environment interplay, as occupational stress includes multiple aspects.
Our study has two strengths as follows. First, we sampled essential hypertension cases and controls in the same work populations, among which their social and economic status were comparable. Second, several potential confounders such as BMI, blood cholesterol, blood glucose, blood lipoprotein, smoking, alcohol consumption and other lifestyle factors could be adjusted for. There were several limitations in this study as well. The common weakness of case-control study designs prevents us from concluding causal inferences from our results because of its cross-sectional nature. Recall bias might have led to misclassification of occupational stress. However, we believe that the bias is not likely to be differential because we did not make our hypothesis known to the workers and the investigators were blinded to the case status too. Another weakness is the relatively small sample size, which might affect the power for testing gene-environmental interactions. However, based on the current sample size, genotype frequency and prevalence of occupational stress, we still have more than 80% power to detect a significant interaction using logistic regression 30) . Nevertheless, larger studies are necessary to duplicate and confirm our findings in other populations.
Conclusions
This study suggests that the genotype of CG/GG in the GR BCL1 gene possibly interacts with occupational stress, particularly personal strain, and increases the risk for essential hypertension in railway workers, but more studies with larger sample sizes are needed to confirm this finding.
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